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a study  of  biofouling  and  its  prevention  in  this  system,  and  land  and  offshore  surveys  at 
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of  energy  and  $9,000.  Also,  a study  of  the  Navywide  potential  of  sea/lake  water  cooling 
found  that  if  such  cooling  were  installed  at  25  Navy  sites,  59x10^  MWh  and  $3  million 
could  be  saved  annually.  This  report  recommends  that:  (1)  a final  design  and  installation 
of  an  operational  test  seawater  cooling  system  for  NSCA,  Winter  Harbor  be  made:  (2)  sea- 
water temperatures  be  measured  at  Apra  Harbor,  Pearl  Harbor,  Chicago,  and  Point  Mugu 
as  potential  sites;  and  (3)  a parametric  model  be  developed  for  estimating  the  capital  and 
energy  costs  of  sea/lake  water  cooling  systems.^ 
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Seawater  cooling  was  found  to  be  economically  feasible  for  a trial  Naval  facility  in  San 
Diego,  Calif,  and  an  operational  test  was  recommended  for  the  Naval  Security  Group  Activity 
(NSGA).  Winter  Harbor,  Maine.  A preliminary  design  and  environmental  impact  assessment 
were  performed  for  a seawater  cooling  system  at  NSGA.  This  work  was  supplemented  with 
seawater  temperature  measurements  in  the  adjoining  hay,  a study  of  biofouling  and  its  pre- 
vention in  this  system,  and  land  and  offshore  surveys  at  NSGA.  A separate  study  found  that 
the  life  cycle  cost  of  this  seawater  cooling  system  was  less  than  that  of  the  existing  conventional 
air  conditioning  system.  It  was  concluded  that  a seawater  cooling  system  for  NSGA  would  cost 
about  $1  50K.  and  annually  save  over  200  MWh  of  energy  and  $9,000.  Also,  a study  of  the 
Navywide  potential  of  sea/lake  water  cooling  found  that  if  such  cooling  were  installed  at  25 
Navy  sites.  59xl03  MWh  and  $3  million  could  be  saved  annually.  This  report  recommends 
that;  (Da  final  design  and  installation  of  an  operational  test  seawater  cooling  system  for 
NSGA,  Winter  Harbor  be  made:  (2)  seawater  temperatures  be  measured  at  Apra  Harbor, 

Pearl  Harbor,  Chicago,  and  Point  Mugu  as  potential  sites:  and  (3)  a parametric  model  be 
developed  for  estimating  the  capital  and  energy  costs  of  sea/lake  water  cooling  systems. 
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INTRODUCTION 

While  the  demand  for  air  conditioning  (AC)  at  Naval  facilities  has 
stabilized,  the  cost  of  power  has  grown  tremendously  in  recent  years  and 
the  availability  of  power  plant  fuel  from  the  traditional  domestic 
sources  has  declined  sharply.  Therefore,  alternatives  to  the  high  power 
consuming  AC  systems  are  being  sought.  The  alternative  that  this  report 
addresses  is  the  use  of  sea  or  lake  water  as  a cooling  and  dehumidifica- 
tion medium  at  Naval  facilities. 

1 

Objective 

The  objectives  of  the  study  reported  herein  were  (1)  to  deter-  J 

mine  if  sea  or  lake  water  AC  is  a technically  and  economically  feasible 
alternative  to  conventional  AC  at  Naval  facilities  and  (2)  to  deter- 
mine at  which  Naval  facilities,  sea/lake  water  AC  can  be  best 
applied . 


Scope 

In  this  report,  the  feasibility  of  seawater  cooling  is  assessed  for 
a trial  Naval  facility,  the  Fleet  Combat  Direction  Systems  Training  Cen- 
ter (FCDSTC)  in  San  Diego,  California.  The  results  of  a preliminary  de- 
sign of  a seawater  cooling  system  for  the  NSGA,  in  Winter  Harbor,  Maine, 
are  given.  The  Navywide  applicability  of  seawater  cooling  is  determined, 
and  25  potential  Navy  sites  for  this  application  are  given  with  the  eco- 
nomic characteristics  of  each. 


Background 

The  potential  utility  of  cold  sea  or  lake  water  as  a medium  for  air 
conditioning  has  been  occasionally  mentioned  in  the  literature  of  the 
past  50  years;  however,  not  until  recently  has  serious  attention  been 
paid  to  this  old  idea.  Reference  1 concluded  that  seawater  cooling*  is 
technically  feasible  and  can  result  in  a 70%  to  80%  savings  in  the  power 
consumed  for  air  conditioning  in  areas  where  there  is  a concentrated 
demand  like  the  rows  of  hotels  in  Miami  Beach,  Fla.  or  Honolulu, 

Hawaii.  This  reference  determined  that  water  for  cooling  from  natural 
water  bodies  must  be  no  warmer  than  50  F (10  C) . 


*The  use  of  the  term  "seawater  (or  lake  water)  cooling"  here  and  else- 
where in  this  report  implies  "seawater  (or  lake  water)  air  conditioning" 
because  both  cooling  and  dehumidification  are  included. 
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The  work  of  reference  1 was  continued  with  a detailed  study  and 
preliminary  d-sign  of  a Miami  Beach  seawater  cooling  system  (Ref  2).  It 
was  estimated  that  for  this  20,000-ton  seawater  cooling  system  the  total 
cost  would  range  from  $20.4  to  $23.4  million,  and  the  offshore  pipeline 
length  would  be  22,000  feet. 

This  reference  also  assessed  the  use  of  naturally  cold  freshwater 
in  the  United  States  as  an  AC  medium.  The  Great  Lakes  were  considered 
an  excellent  source  of  cold  water  for  direct  AC.  In  addition,  other 
large  lakes  in  the  northern  two-thirds  of  the  country  and  ground  water 
in  the  northern  one-third  were  considered  good  sources,  but  rivers  and 
streams  were  considered  essentially  useless  for  direct  AC  because  the 
water  is  not  cold  enough. 

The  Civil  Engineering  Laboratory  (CEL)  conducted  a study  of  seawater 
cooling  as  an  alternative  to  conventional  AC  for  Naval  facilities  (Ref  3) . 1 

This  study,  part  of  which  is  included  in  this  report,  concluded  that  the 
potential  of  seawater  cooling  for  saving  energy  and  money  at  Naval  facil- 
ities is  great  and  warrants  further  attention,  and  that  a good  site  for  an 
operational  test  of  seawater  cooling  for  Naval  facilities  would  be  the  ; 

Naval  Security  Group  Activity  (NSGA) , Winter  Harbor,  Maine. 

The  Winter  Harbor  facility  was  the  subject  of  a preliminary  design  ' 

and  analysis  of  a seawater  cooling  system  conducted  for  CEL  by  Tracor 

Marine  (Ref  4).  A summary  of  the  results  of  this  work  is  included  in  ' 

this  report.  ‘ 

A study,  performed  for  CEL  under  a contract  through  the  Northern 
Division  of  the  Naval  Facilities  Engineering  Command,  compared  alterna- 
tive modifications  to  the  air  conditioning  system  at  NSGA,  Winter  Harbor, 

Maine  (Ref  5) . This  study  found  that  the  20-year  life  cycle  cost  of 
energy  for  AC  at  the  facility  using  the  existing  system  is  $0%  greater 
than  that  of  a seawater  cooling  system  and  that  the  20-year  total  life- 
cycle  cost  of  energy  plus  first  cost  of  the  existing  system  (replacement 
cost)  is  20%  greater  than  that  of  a seawater  cooling  system.  Further-  1 

more,  seawater  cooling  was  found  to  be  the  most  economical  of  the  six 
modifications  that  were  considered,  but  none  of  these  are  economically 
justified  at  this  time.  Conclusions  of  the  report  (Ref  5)  are  that  (1) 
the  seawater  cooling  system  uses  less  energy  than  the  existing  system 
with  any  of  the  other  modifications  and  (2)  seawater  cooling  could  be 
added  to  the  existing  system  with  no  internal  modifications  to  the  exist- 
ing system  except  the  replacement  of  a 25-hp  fan  motor  with  one  of  30  hp. 


FEASIBILITY  STUDY 

A study  was  performed  in  FY76  to  determine  if  seawater  AC  for  Naval 
facilities  is  feasible  and  whether  a development  program  was  warranted 
(Ref  3) . This  study  produced  useful  guidance  in  the  early  stages  of  the 
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seawater  cooling  work  at  CEL  using  preliminary  estimates  of  performance 
and  costs  at  a trial  site. 

Seawater  Cooling 

Air  Conditioning  Potential.  The  major  question  concerning  a sea- 
water cooling  system  is?  How  cold  must  the  supply  water  be  to  meet  the 
AC  requirements?  The  answer  to  this  question  depends  on  the  answers  to 
several  other  questions.  Does  the  seawater  directly  cool  the  air  or 
does  it  cool  an  intermediate  fluid?  Is  the  seawater  supposed  to  meet 
the  total  latent  heat  load,  or  will  it  be  aided  by  a dehuraidif ication 
system?  Finally,  is  the  AC  for  comfort  only,  or  is  it  required  for 
electronics  such  as  in  a computer  facility? 

A design  using  seawater  which  directly  cools  the  air  can  use  warmer 
seawater  than  a design  requiring  an  intermediate  fluid.  A general  rule- 
of-thumb  is  that  the  temperature  of  the  cooling  fluid  entering  a heat 
exchanger  must  be  at  least  5 to  10  F cooler  than  the  temperature  of  the 
air  leaving  it.  Chilled  water  heat  exchangers  vary  widely,  however,  and 
designs  using  them  are  generally  based  on  actual  experimental  data  of 
existing  equipment.  Another  rule-of-thumb  is  that  the  temperature  of 
the  grimary  fluid  entering  a water-to-water  heat  exchanger  should  be  3 
to  5 F cooler  than  the  temperature  of  the  secondary  fluid  leaving  the 
exchanger . 

A design  required  to  meet  the  total  heat  load  (latent  and  sensible) 
of  a building  must  use  colder  seawater  than  a design  which  meets  only 
the  latent  heat  load.  The  latent  heat  load  is  that  part  of  the  heat  load 
responsible  for  condensing  the  moisture  in  the  air.  The  other  part  of 
the  load  - the  sensible  heat  load  - is  the  amount  of  heat  which  must  be 
removed  from  air  to  reduce  its  temperature.  Thus,  if  the  latent  heat 
load  can  be  reduced  by  a dehumidification  system  the  seawater  cooling 
system  can  use  warmer  water. 

The  AC  requirements  for  a computer  facility  are  much  more  stringent 
than  the  requirements  for  comfort  according  to  ASHRAE  (Ref  6);  the  more 
stringent  requirements  are  imposed  by  a computer  facility  because  humidity 
levels  must  be  more  strictly  controlled  to  prevent  computer  papers  and 
cards  from  curling  and  sticking.  This  contrasts  greatly  with  the  wide 
range  of  humidity  level  that  is  acceptable  for  comfort  cooling. 

Taking  into  account  these  factors  and  design  alternatives,  it  appears 
that  to  meet  the  sensible  cooling  requirements  of  Reference  6 for  comfort 
cooling,  the  seawater  need  only  be  cooler  than  65  F.  If  latent  heat  must 
also  be  removed,  the  water  must  be  colder,  ranging  down  to  50  F.  To  meet 
the  requirements  of  a computer  facility  that  has  a low  latent  heat  load 
and  requires  very  little  ventilation,  a seawater  temperature  of  45  to 
50  F would  be  required  unless  auxiliary  dehumidification  were  used. 
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Pump  Work  and  Pipe  Size.  Other  questions  which  must  be  answered  to 
evaluate  this  system  are:  What  size  pipe  should  be  used  and  how  much 
pump  work  will  be  required?  Here  again,  several  alternatives  are  avail- 
able. The  pump  can  be  located  at  the  pipe  inlet,  and  its  outlet,  or 
somewhere  along  the  pipe.  To  illustrate  the  relationship  between  pump 
work  and  pipe  size  it  was  assumed  that  the  pump  is  placed  on  shore  at 
the  pipe  outlet.  Thus,  to  prevent  cavitation  in  the  pump,  the  suction 
head  must  be  limited  to  30  feet  of  water.  This  criteria  essentially 
limits  the  flow  rate  by  setting  an  upper  limit  on  the  friction  losses 

that  can  be  allowed.  The  diameter  and  length  of  the  pipe  can  be  related  | 

given  a flow  rate  and  an  allowable  friction  loss.  Calculations  were 
performed  to  illustrate  this  point.  In  these  calculations  the  load  was 
fixed  at  100  tons  refrigeration  (TR) , and  the  pipe  friction  was  allowed 
to  be  no  greater  than  30  feet  of  water.  This  caused  the  pump  work  re- 
quired to  get  the  water  to  shore  to  vary  as  shown  by  the  top  four  curves 

of  Figure  1.  ' 

Another  variable  is  the  elevation  above  sea  level  of  the  facility 
to  be  air  conditioned.  This  elevation  can  be  a very  important  consider- 
ation if  the  facility  is  located  very  far  above  sea  level  as  is  evidenced  ; 

by  the  bottom  four  curves  of  Figure  1.  These  curves  were  calculated 
assuming  that  the  point  of  use  of  the  seawater  is  300  feet  above  sea 
level  and  that  80%  of  the  pump  work  is  recovered  by  a turbine  on  the 
beach.  This  situation  is  equivalent  to  pumping  the  water  up  60  feet 
with  no  pump  work  recovery.  Without  the  turbine  energy  recovery  stage, 
a 300-foot  altitude  increase  would  provide  a coefficient  of  performance 
of  about  12. 

Selection  of  the  Trial  Site 

Based  on  the  installed  AC  and  seawater  temperatures  of  Naval  facil- 
ities in  the  continental  United  States,  the  Fleet  Combat  Direction  Sys- 
tems Training  Center  (FCDSTC) , San  Diego  was  selected  for  a trial  analysis 
of  the  technical  and  economic  feasibility  of  seawater  cooling  for  Naval 
facilities.  A seawater  cooling  system  for  this  facility  would  include 

many  of  the  elements  of  a system  of  this  type  at  any  facility.  In  addi-  j 

tion,  FCDSTC  is  at  a site  where  cold  seawater  can  be  found  near  the  shore- 
line rather  than  several  miles  away.  This  reduces  the  energy  consumed  in 
overcoming  the  head  lost  to  friction  in  the  intake  pipeline  and  makes  the 
technical  and  economic  feasibility  more  a function  of  the  basic  differ- 
ences between  seawater  cooling  and  conventional  AC. 

Another  consideration  in  the  selection  of  FCDSTC  as  a trial  facility 
was  its  concentrated  Ac  demand.  This  facility,  which  requires  only  com- 
puter cooling,  was  chosen  rather  than  one  requiring  comfort  cooling  be- 
cause the  total  cooling  load  for  this  facility  is  localized  in  one  build- 
ing and  not  scattered  among  several.  Limiting  the  cooling  load  to  one 
building  minimizes,  for  the  purposes  of  this  preliminary  economic  analysis, 
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the  effect  of  the  cost  of  land  distribution  on  the  total  cost.  Figure  2 
shows  the  seawater  temperature/depth/distance  from  shore  profiles  for 
the  San  Diego  site.  Also  shown  are  the  bathymetry  and  topography  of  the 
site . 

Seawater  Cooling  For  FCDSTC 

A calculation  was  performed  for  FCDSTC  to  provide  information  for 
an  economic  analysis.  This  facility  is  located  300  feet  above  sea  level. 
Extra-heavy  12-inch  pipe  was  assumed  to  be  laid  1.3  nautical  miles  out  to 
55  F seawater,  and  a turbine  energy  recovery  stage  was  included  to  maxi- 
mize the  coefficient  of  performance  of  the  system.  The  results  of  the 
calculation  indicate  that  a 120-hp  pump  that  would  pump  1,250  gal/min 
from  the  ocean  bottom  to  the  point  of  use  would  be  required.  Accounting 
for  the  energy  recovered  by  the  turbine,  31  hp  (23  kW)  must  be  supplied 
to  the  pump.  If  the  water  is  heated  from  55  to  65  F at  the  facility, 

500  TR  can  be  furnished  by  the  system.  Thus,  the  system  would  have  a 
coefficient  of  performance  of  75. 

Heat  Transfer  Considerations.  The  foregoing  calculation  makes  the 
seawater  system  appear  quite  favorable;  there  are  problems,  however.  One 
major  concern  is  whether  the  cold  seawater  can  be  pumped  to  the  surface 
without  being  excessively  heated  by  the  surrounding  water.  If  the  pipe 
is  a good  heat  conductor,  the  temperature  of  the  deep  seawater  will  rise 
too  much.  A calculation  run  with  the  steel  pipe  of  the  example  indicates 
that  the  water  temperature  will  approach  that  of  the  surface  water,  where- 
as a calculation  for  a pipe  insulated  with  an  inch  of  rubber  indicates 

o 

that  a temperature  rise  of  1.5  F will  be  experienced.  The  latter  is  an 
acceptable  level  but  the  former  indicates  that  the  pipeline  should  either 
be  made  of  an  insulating  material  or  insulated  in  some  manner. 

Alternative  Designs.  The  results  of  this  study  indicate  that  a sea- 
water cooling  system  for  FCDSTC,  San  Diego  is  technically  feasible.  Sev- 
eral alternatives  are  available  to  reduce  the  length  of  the  offshore  pipe- 
line or  the  requirement  for  insulation.  One  alternative  is  to  use  the 
seawater  for  sensible  cooling  and  employ  alternative  systems  (i.e., 
desiccant,  vapor  compression)  for  humidity  control.  Another  alternative 
is  the  use  of  seawater  for  condenser  cooling  or  brine  precooling.  Thus, 
the  seawater  systems  could  be  used  to  improve  the  performance  of  con- 
ventional systems.  Finally,  alternative  pipe  materials  could  be  used 
to  reduce  the  cost  of  the  system.  For  example,  fiberglass  pipe  might 
eliminate  the  need  for  insulation,  but  it  would  pose  a more  severe 
anchoring  problem  than  steel  pipe. 
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Costs 


Installation . As  indicated  in  Reference  1,  the  total  capital  cost 
of  a seawater  cooling  system  includes  the  cost  of  the:  (1)  offshore  pipe- 
line, (2)  pumping  station/wet  well,  (3)  land  distribution  system,  and 
(4)  user  equipment. 

From  the  preliminary  figures  given  in  Reference  1,  it  is  seen  that 
the  major  portion  (nominally  85%)  of  the  installation  costs  are  for  the 
offshore  pipeline.  The  authors  of  References  1 and  3 found  that  offshore 
contractors  are  reluctant  to  make  estimates  of  pipe-laying  costs.  How- 
ever, it  was  clear  from  discussions  with  these  contractors,  that  the 
laying  of  12-inch  pipe  to  depths  up  to  300  feet  was  well  within  the  state- 
of-the-art.  The  estimated  cost  of  laying  pipelines  (including  welding, 
but  not  burial  on  shore)  was  $9  per  foot  for  standard  12-inch  pipe.  Off- 
shore, the  pipe-laying  costs  increase  rapidly  with  depth.  The  costs 
(without  burial)  for  standard  12-inch  pipe  varied  from  $15/ft  for  depths 
less  than  50  feet  to  $27/ft  for  depths  to  300  feet.  Laying  extra-heavy 
pipe  would  be  somewhat  more  expensive  because  of  the  additional  welding 
time.  For  this  preliminary  estimate,  $30/ft  was  selected  as  a reasonable 
estimate  for  laying  extra-heavy  12-inch  pipe  to  100-foot  water  depths. 

These  pipe-laying  costs  do  not  include  the  cost  of  the  pipe,  which 
is  $27  per  foot  for  extra-heavy  steel  pipe.  To  these  pipe  and  pipe- 
laying costs  must  be  added  the  cost  of  pipe  coating,  cathodic  protection, 
anchoring,  and  burial.  For  the  purposes  of  making  a preliminary  estimate 
of  seawater  cooling  for  the  trial  Naval  facility,  it  was  assumed  that 
coating,  cathodic  protection,  and  anchoring  would  not  be  required  if 
extra-heavy  pipe  is  used.  Although  burial  may  be  required  to  protect 
the  pipeline  from  wave  forces  or  fishing  trawlers  or  to  prevent  damage 
to  the  trawlers,  the  cost  of  pipe  burial  was  not  included  in  this  prelim- 
inary estimate  of  the  installation  cost  of  the  seawater  cooling  pipeline. 
The  additional  cost  of  extra-heavy  pipe,  which  is  almost  three  times  that 
of  standard  pipe,  should  provide  some  contingency  in  this  cost  estimate 
to  account  for  protection  against  these  environmental  hazards  that  were 
not  specifically  addressed. 

The  installation  cost  of  a seawater  cooling  system  at  FCDSTC  is 
estimated  below.  These  are  based  on  the  characteristics  of  the  site  and 
the  air-conditioning  analysis  given  in  previous  sections  and  on  the  sub- 
system costs  given  above.  These  figures  do  not  include  provisions  for 
burial  or  insulation  of  the  offshore  pipeline. 
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Total 

Item  Length  Cost 

Item  Description  Cost  (ft)  ($K) 


(1)  Offshore  pipeline 

pipe  $30/ft 

installation  $30/ft 

(2)  Pumping  station/wet  well 

pump  1250  GPM,  150  HP 
turbine  300  ft  head 


x 7,900  = 474 


= 15 
= 15 


(3)  Land  pipeline  (with  return) 


pipe  $ll/ft 

installation  $ 9/ft 


x 1,500  = 


30 


$534 

Operation.  The  power  demand  of  the  500-TR  seawater  cooling  system 
includes : 


I tern 


Power  (kW) 


Seawater  pumping  (with  partial  recovery  23 
Additional  pumping  (in  facility)  20 
Cooling  coil  fans  85 
Total  128 


If  it  is  assumed  that  this  electronics  cooling  system  must  operate  con- 
tinuously with  a 50%  load  factor,  1,536  kWh  will  be  used  per  day,  which, 
at  4q/kWh,  equals  $61/day. 

The  cost  of  labor  and  materials  for  operating  and  maintaining  a 500- 
TR  seawater  cooling  system  for  FCDSTC  is  estimated  as  $52  per  day,  based 
on  the  estimate  made  in  Reference  1.  The  total  operational  cost  of  the 
seawater  cooling  system  for  FCDSTC  is  $113  per  day.  This  includes  the 
cost  of  power  ($61)  and  the  cost  of  labor  and  materials  for  operating 
and  maintaining  the  system  ($52)  . Not  included  in  these  costs  are  the 
cost  of  a small  amount  of  additional  dehumidification  that  is  required 
to  supplement  the  humidity  control  provided  by  the  seawater  system. 
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Economic  Feasibility.  The  power  requirement  of  a conventional, 
large  building  AC  system  for  comfort  cooling  was  estimated  in  Reference 
1 to  be  113  kW/100  TR  of  maximum  AC  load.  With  the  assumption  that 
this  estimate  can  be  used  to  estimate  the  power  required  for  a 500-TR 
electronics  cooling  load  at  San  Diego,  565  kW  are  required.  For  con- 
tinuous 24  hr/day  operation  with  a load  factor  of  50%,  the  power  con- 
sumption is,  therefore,  6,780  kWh.  The  cost  of  this  power  at  4c/kWh  is 
then  $271/day  for  conventional  AC  at  FCDSTC,  San  Diego.  Recall  that  the 
power  required  for  seawater  cooling  at  this  facility  was  estimated  in 
the  previous  section  to  be  128  kW  compared  to  the  565-kW  estimate  for 
conventional  AC  - an  energy  saving  of  77%. 

The  following  is  a comparison  of  the  cost  per  day  for  operational 
expense  of  conventional  versus  seawater  AC  at  the  San  Diego  facility. 
This  comparison  is  intended  to  give  an  estimate  of  the  cost  saving  that 
may  be  accrued  from  using  seawater  to  air-condition  FCDSTC.  For  a con- 
servative estimate,  it  is  assumed  that  conventional  AC  systems  required 
only  half  as  much  labor  and  supplies  for  operating  and  maintaining  the 
equipment . 


Item 


Conventional  ($) 


Seawater  ($) 


Power 

Labor  and  Supplies 
Total 


271 

26 

297 


61 

52 

113 


Therefore,  a saving  of  $184/day  or  $67K/year  may  be  realized  by  using 
seawater  cooling  rather  than  conventional  AC. 


A capital  investment  of  $534,000  is  required  for  seawater  cooling 
at  FCDSTC,  San  Diego.  This  new  type  of  air  conditioning  will  result  in 
an  annual  savings  of  $67,000.  If  it  is  assumed  that  10%  is  the  interest 
rate  for  capital  to  finance  the  construction  of  this  seawater  cooling 
system,  the  payback  period  is  16*5  years. 

Findings,  Conclusions  and  Recommendations 


Seawater  cooling  was  found  to  be  economically  feasible  for  FCDSTC, 
San  Diego,  based  on  preliminary  estimates  of  performance  and  cost.  How- 
ever, this  facility  is  not  a suitable  site  for  an  operational  test  of  a 
complete  seawater  cooling  system  because  the  capital  cost  of  such  a 
system  would  be  over  $500K.  Such  a large  investment  for  an  operational 
test  of  a complete  system  at  FCDSTC  is  not  prudent-,  but  this  facility 
might  be  a good  site  for  the  development  of  equipment  to  improve  the 
effectiveness  of  seawater  cooling,  particularly  equipment  which  can  use 
warmer  seawater  (65  F rather  than  55  F)  for  AC.  Because  costs  of  off- 
shore pipeline  installation  are  such  a high  portion  of  the  total  seawater 
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cooling  system  investment,  a Naval  facility  that  dees  not  require  a long 
offshore  pipeline  should  be  used  for  an  operational  test.  NSGA  at  Winter 
Harbor,  Maine,  is  such  a facility. 

It  was  recommended  in  the  FY76  study  that: 

1.  An  operational  test  of  seawater  cooling  be  performed  at  the 
Naval  Security  Group  Activity  (NSGA)  in  Winter  Harbor,  Maine. 

2.  Alternative  designs  for  seawater  cooling  be  investigated, 
particularly  desiccant  systems,  for  improving  the  efficiency  of  seawater 
cooling . 

3.  The  environmental  impact  of  seawater  cooling  be  investigated. 

WINTER  HARBOR  DESIGN  AND  ANALYSIS 

A preliminary  design,  economic  and  energy  analysis,  and  environ- 
mental impact  assessment  of  a seawater  AC  system  for  a building  in 
Corea,  Maine,  which  is  part  of  NSGA  Winter  Harbor,  was  conducted  in 
early  FY77  for  CEL  by  Tracor  Maine  (Reference  4) . This  work  was  per- 
formed for  a 100  TR  system  with  100%  seawater  AC  backup.  The  energy 
and  system  costs  used  did  not  include  the  air-handling  system  costs  or 
energy  requirements. 

Subsequent  to  the  above  work,  seawater  temperature  measurements  in 
the  bay  that  adjoins  Corea  (Prospect  Harbor)  were  obtained  and  the  bio- 
fouling potential  of  the  seawater  AC  system  and  prevention  devices  was 
assessed.  The  results  of  these  two  efforts  were  published  as  supplements 
to  Reference  4,  which  is  summarized  below.  In  addition,  surveys  of  the 
land  and  seafloor  topography  and  geology  along  potential  pipeline  routes 
were  made  and  will  be  used  if  the  final  design,  fabrication,  and  installa- 
tion are  done. 

Site 

The  Winter  Harbor  site,  shown  in  Figures  3 and  4,  was  chosen  because 
the  building  requiring  continuous  AC  is  located  less  than  2,600  feet 
(1,300  feet  to  the  shoreline  and  1,300  feet  from  the  shoreline  to  the 
seawater  intake)  from  a source  of  seawater  estimated  as  50  F the  year- 
round  . 

Design 

Two  major  design  options  were  examined:  the  first,  to  use  seawater 
for  the  entire  cooling  load  (100  TR) ; the  second,  to  use  additional  cool- 
ing and  dehumidification  if  and  when  the  seawater  temperature  exceeds 


50°F.  Subsequent  seawater  temperature  measurements  revealed  that  enhance- 
ment is  required  during  3 months  of  the  year.  A number  of  alternate  en- 
hancement methods  were  examined,  and  preliminary  designs  developed,  in- 
cluding one  for  a solar/disiccant  drying  system.  A simply  packaged,  air- 
cooled, direct-exchange  (DX)  system  of  40  TR  was  selected  for  the  enhance- 
ment. The  use  of  the  existing  AC  system  for  an  enhancement  was  considered. 
These  design  considerations  led  to  these  three  potential  seawater  AC 
systems  with:  (1)  no  enhancement,  (2)  enhancement  by  new  DX  units,  and 
(3)  enhancement  by  the  existing  AC  system. 

Energy  and  Economic  Analysis 

These  three  seawater  AC  systems  with  100%  backup  were  compared  with 
each  other  and  with  a conventional  AC  system  of  the  same  capacity  (100  TR) 
and  10-year  life-cycle  cost  (LCC)  as  follows  (Reference  4) : 


Annual  Energy  10-yr 
Use  (MWh)  LCC  ($K) 

Seawater  AC  111  305 
Seawater  AC  with  new  DX  enhancement  250  380 
Seawater  AC  with  existing  AC  enhancement  322  397 
Conventional  AC  861  404 


The  existing  AC  system  at  Winter  Harbor  and  a seawater  cooling  system 
without  enhancement  are  compared  in  Table  1.  It  was  concluded  from  these 
comparisons  that  significant  savings  in  both  energy  and  money  are  possible 
with  seawater  AC  at  Winter  Harbor  (Reference  5) . 

Environmental  Impact 

An  environmental  impact  assessment  (EIA)  was  performed  in  the  early 
stages  of  this  work  on  a much  larger  sea-water  air  conditioning  system 
than  was  finally  settled  upon  in  the  preliminary  design.  The  EIA  was 
made  for  a 3,030-gpm  system,  which  led  to  a very  conservative  (high) 
estimate  of  the  impact  because  the  system  was  finally  envisioned  to  be 
less  than  400  gpm.  Another  difference  between  the  preliminary  criteria 
for  the  EIA  and  the  final  system  design  was  the  solution  to  the  biofoul- 
ing problem.  The  subsequent  biofouling  study  recommended  systems  which 
do  not  require  chlorination;  this  approach  considerably  reduced  the  im- 
pact of  seawater  cooling  on  the  environment. 

The  EIA  judged  that  no  significant  adverse  environmental  impacts 
are  foreseen.  The  long-term  local  environmental  impact  will  take  the 
form  of  minor  adverse  disturbance  to  plankton  and  fish  in  the  water  and 
plant  life  on  land.  Short-term  temporary  local  disturbance  along  the 
pipeline  construction  route  is  unavoidable. 
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SEA/LAKE  WATER  AIR  CONDITIONING  NAVYWIDE 


The  energy  saving  and  economic  potential  of  sea  or  lake  water  AC 
of  facilities  throughout  the  Navy  were  determined.  First,  the  individual 
AC  demands  of  Naval  facilities  adjoining  major  water  bodies  were  deter- 
mined; then  the  water  temperatures  in  these  water  bodies  were  found. 

Ten  facility  sites  with  high  potential  for  the  application  of  sea/lake 
water  AC  were  selected.  Then  the  economic  potential  of  these  ten  was 
determined.  Finally,  15  other  sites,  which  also  have  potential  (but  not 
as  high  as  the  ten)  for  sea/lake  water  AC,  were  identified,  and  the 
potential  energy  saving  of  these  was  determined. 

Air  Conditioning  Demands 

The  present  energy  demands  of  AC  at  facilities  throughout  the  Navy 
were  determined  using  the  output  of  the  Defense  Energy  Information  System- 
Utilities  (DEIS-2) . For  241  of  these  514  facilities,  reasonable  estimates 
could  be  made  of  the  electrical  energy  consumption  for  each  month  of 
FY76.  These  monthly  estimates  were  used  to  determine  the  amount  of 
electrical  energy  consumed  each  year  at  each  facility  for  AC  (Ref  7) . 

Sea/Lake  Water  Temperatures 

To  make  the  collection  of  water  temperature  data  tractable,  limits 
were  placed  on  the  desired  temperature;  this  50  F selection  was  based 
on  prior  work  discussed  in  the  following. 

The  maximum  water  temperature  feasible  for  direct  cooling  of  build- 
ings in  Miami  Beach,  Fla.  was  determined  in  Reference  2 to  be  50  F. 

During  the  work  described  in  Reference  4,  it  was  found  that  the  cooling 
efficiency  of  available  coils  and  particularly  their  ability  to  remove 
moisture  falls  off  rapidly  at  50  F.  Therefore,  50  F was  selected  as  the 
maximum  yearly  bottom  water  temperature  to  be  sought  in  this  data 
collection . 

As  shown  in  Figure  5,  water  with  a year-round  temperature  of  under 
50  F can  be  found  all  around  the  continental  United  States.  The  distance 
from  shore  to  this  sufficiently  cold  sea  or  lake  water  varies  from  a 
minimum  of  0 nautical  mile  (adjacent  to  the  coast)  in  the  extreme  North- 
east to  ud  to  150  nautical  miles  in  the  Southeast.  The  sources  of  this 
water  temperature  data  were  (1)  National  Oceanographic  Data  Center  for 
facilities  near  the  ocean,  (2)  W.  Harrison  of  Argonne  Laboratories  for 
Lake  Michigan  near  the  Great  Lakes  Training  Center,  Chicago,  111.,  (3) 
Reference  2 for  Miami  Beach,  Fla.,  and  (4)  Reference  4 for  Winter  Harbor, 
Maine . 
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Ten  Selected  Navy  Sites 


The  selection  of  the  ten  sites  with  high  potential  for  sea  or  lake 
water  AC  was  based  on  the  water  temperature  criteria  (50  F)  discussed 
above  and  on  the  following  criteria  for  distance  from  shore  and  minimum 
annual  AC  energy  usage. 

A limit  of  3.5  nautical  mines  (nmi)  was  placed  on  the  distance  from 
shore  to  reach  50  F water  for  selection  of  these  ten  sites.  This  dis- 
tance limit  was  based  on  the  previous  studies,  discussed  below.  Ref- 
erence 2 considered  seawater  cooling  for  Miami  Beach,  Fla.,  where  50  F 
water  can  be  obtained  3.6  nmi  offshore,  and  a preliminary  design  of  a 
high  capacity  (20,000  TR)  seawater  cooling  system  for  this  site  was  dis- 
cussed. A comparatively  low  capacity  (100  TR)  seawater  cooling  system 
was  preliminarily  designed  for  Winter  Harbor,  Maine,  where  50  F water 
can  be  obtained  1,300  feet  offshore  (Ref  4).  Therefore,  0 to  3.5  nmi 
was  selected  as  the  range  of  distances  to  50  F water  for  the  selection 
of  these  ten  sites,  and  the  costs  of  the  Miami  Beach  and  Winter  Harbor 
seawater  AC  systems  were  used  as  starting  points  for  the  economic  com- 
parison, which  follows  in  the  section  entitled  "Economic  Comparison." 

The  third  criteria  used  in  the  selection  of  these  ten  sites  was  a 
1000-MWh/yr  lower  limit  of  energy  use  for  AC.  This  amount  of  annual 
energy  consumption  for  AC  is  about  that  of  a continuously  operating  130- 
TR  AC  system,  or  a 250-TR  system  that  only  operates  in  the  summer,  or  a 
500-TR  system  that  neither  continuously  operates  nor  is  used  for  summer 
cooling.  These  ten  facility  sites  are  listed  in  Table  2 in  order  of 
potential  energy  dollar  savings. 

Economic  Comparison 

For  comparing  sea/lake  water  AC  with  conventional  AC  at  these  ten 
sites,  the  energy  and  economic  characteristics  of  each  site  are  also 
given  in  Table  2.  The  electrical  energy  costs  and  capital  investment 
costs  of  sea/lake  water  AC  and  conventional  AC  systems  were  estimated 
using  the  techniques  described  below  for  each  site. 

The  electrical  energy  costs  were  assumed  to  be  the  same  per  unit  of 
energy  for  either  sea/lake  water  AC  or  conventional  AC.  These  costs  at 
Naval  facilities  were  determined  usin^  the  DEIS-2  output.  The  costs  per 
megawatt  hour  (MWh)  were  found  from  this  output  for  FY76;  these  were 
extrapolated  to  FY80  using  a 16%/yr  electrical  energy  escalation  rate. 
The  electrical  energy  costs  for  these  two  years  are  shown  in  Table  3. 

The  capital  investment  costs  (first  costs  including  design)  of  both 
sea/lake  water  AC  and  conventional  AC  were  determined  assuming  a situa- 
tion in  which  an  AC  system  of  some  type  is  required  at  a Naval  facility 
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to  replace  an  existing  conventional  AC  system.  Therefore,  the  first 
cost  estimates  of  both  sea/lake  water  AC  and  conventional  AC  did 
not  include  the  costs  of  the  portions  of  the  AC  systems  which  can  be 
used  in  either  type  of  system.  Thus,  the  material  and  labor  costs  of 
the  fans  and  ductwork  were  not  included  in  the  capital  costs  of  either 
type  of  system,  but  the  costs  of  modifications  to  make  a sea/lake  water 
AC  system  usable  in  a formerly  conventional  AC  system  are  included  in 
the  first  costs  of  sea/lake  water  AC  systems.  These  criteria  were  used 
in  estimating  first  costs  in  References  2,  4 and  5 so  the  first  costs 
estimated  in  these  references  were  used  in  the  following  capital  invest- 
ment cost  estimates. 

The  capital  cost  in  FY77  of  the  100-TR  seawater  AC  system  at  NSCA, 
Winter  Harbor  with  full  backup  was  estimated  to  be  $229K  (Reference  4) . 
This  cost  included  two  offshore  pipelines,  one  for  the  primary  system 
and  one  for  the  backup  system,  each  of  which  is  1,300  feet  long.  The 
capital  cost  of  a 100-TR  system  without  backup  (the  additional  pipeline 
and  accessories)  was  estimated  to  be  $173K  (Ref  8).  Reference  5 indi- 
cates that  only  81.4  TR  are  required  at  this  NSGA.  Therefore,  the  above 
cost  for  a 100-TR  system  was  reduced  to  account  for  this  lower  tonnage. 
This  led  to  an  estimate  of  $148K  for  a seawater  AC  system  of  81.4  TR 
without  backup  at  Winter  Harbor.  For  the  purpose  of  capital  cost  esti- 
mating, it  was  assumed  that  the  above  seawater  AC  system  cost  could  be 
used  to  make  estimates,  albeit  cruide,  of  low  capacity  (under  1,000  TR) 
sea/lake  water  AC  systems.  It  was  assumed  further,  because  the  cost  of 
the  offshore  pipeline  is  such  a major  portion  of  the  total  cost  of  sea/ 
lake  water  cooling  systems,  that  the  total  cost  is  a function  of  the 
offshore  pipeline  length.  Therefore,  the  factor,  $700K/nmi  ( $ 148K/ 0.2] 
nmi)  was  used  to  estimate  the  first  cost  of  low  capacity  sea/lake  water 
AC  systems.  The  capital  cost  of  a seawater  AC  system  of  20,000  TR  for 
Miami  Beach  was  estimated  in  Ref  2 to  range  up  to  $23.4  million  and  re- 
quire a pipeline  3.6  nmi  long  or  about  $6,500K/nmi.  Five  of  the  selected 
sites  require  AC  systems  of  less  than  20,000  TR  ($6, 500K/nmi)  but  more 
than  2,000  TR  ($700K/nmi.)  These  extremes  of  seawater  AC  costs  are 
plotted  in  Figure  6(a)  . The  costs  of  seawater  AC  at  all  ten  sites  were 
estimated  using  this  figure.  The  resulting  estimates  are  admittedly  very 
crude,  but  presently  there  are  no  more  precise  methods  of  estimating  the 
cost  of  sea/lake  water  AC  systems  short  of  performing  a preliminary 
design  like  that  done  for  NSGA  Winter  Harbor  (Ref  4) . A better  means  of 
estimating  the  cost  of  sea/lake  water  AC  systems  is  needed  which  will 
allow  the  rapid  evaluation  of  sea/lake  water  AC  at  Naval  facilities. 

Estimates  of  the  first  cost  of  conventional  AC  systems  were  based 
on  approximate  costs  per  TR  in  FY77.  Reference  5 estimated  that  the 
first  cost  of  a conventional  system  like  that  at  NSGA,  Winter  Harbor 
(81.4  TR)  would  cost  $160. 8K  or  about  $2,000/TR.  For  large  systems  of 
about  10,000  TR,  current  practice  calls  for  an  estimating  factor  of 
$1,000/TR.  These  extremes  of  conventional  AC  costs  are  plotted  in 
Figure  6(b),  and  this  plot  was  used  to  estimate  the  first  costs  of  con- 
ventional AC  at  the  ten  selected  sites. 
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Fifteen  Other  Navy  Sites 

The  total  energy  saving  potential  (in  terms  of  MWh  and  dollars  per 
year)  is  needed  for  all  sites  of  Naval  facilities  which  can  use  sea/lake 
water  AC.  Therefore,  others  of  the  241  (of  514)  Naval  facilities  at 
which  reasonable  estimates  of  AC  energy  requirements  could  be  made  were 
selected  considering  the  minimum  water  temperature  criteria  (50  F) 
described  above,  but  not  considering  the  criteria  of  3.5  nmi  maximum 
distance  from  shore  or  of  1,000  MWh/yr  minimum  AC  energy  requirement. 

The  fifteen  other  sites  thus  selected  are  listed  in  Table  4 with  the 
total  energy  saving  potential  of  these  fifteen  plus  the  saving  potential 
of  the  previous  ten.  It  must  be  noted  that  these  fifteen  sites  may  not 
be  found  to  be  economically  feasible  if  the  capital  costs  are  considered 
as  they  were  with  the  ten  selected  sites.  However,  it  must  also  be 
pointed  out  that  these  25  Naval  facility  sites  may  not  include  all  of 
the  sites  which  may  have  potential  for  sea/lake  water  AC  because  all  of 
these  sites  were  selected  from  only  241  Naval  facilities  from  the  total 
number  of  over  500. 


FINDINGS  AND  CONCLUSIONS 
It  was  found  that: 

1.  The  capital  cost  of  a seawater  AC  system  without  new  backup  or  en- 
hancement at  NSGA  Winter  Harbor  is  $148K  (FY77) . This  system  will  con- 
serve 213  MWh  of  electrical  energy  and  save  $9K  per  year. 

2.  Naval  facilities  in  the  United  States  (particularly  in  Maine,  near 
Chicago,  on  the  West  Coast,  and  in  Hawaii)  can  profit  from  installing 
sea  or  lake  water  AC  in  lieu  of  conventional  AC  when  there  is  a need  to 
replace  existing  AC  systems.  In  Guam  and  Puerto  Rico  Naval  facilities 
can  also  profit  from  the  same  type  of  installation. 


3.  Twenty-five  sites  of  Naval  facilities  were  identified,  from  241 
facilities  which  were  investigated,  as  having  potential  for  sea/lake 


water  AC.  If  sea/lake  water  AC  were  used  at  these  25  sites,  the  sum 
of  the  energy  savings  would  be  59  X 10  MWh  and  a corresponding  dollar 


savings  of  $3  million  per  year. 


4.  Ten  of  these  sites  of  Naval  facilities  have  high  potential  for 
economically  using  sea/lake  water  AC;  the  sum  of  the  energy  savings  at 
these  ten  is  23  X 10^  MWh  and  a corresponding  saving  of  $1.3  million  per 
year . 


5.  Naval  facilities  at  Apra  Harbor,  Guam;  Pt  Mugu  Calif;  Chicago  111.; 


and  Pearl  Harbor,  Hawaii  have  the  highest  potential  of  the  25; 
water  AC  at  these  four  sites  can  have  energy  savings  of  19  X 10 


sea/lake 
^ MWh  and 


a corresponding  saving  of  $1  million/yr. 


. 


I 


) 

I 


{ 


; 
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It  was  concluded  that: 

1.  An  operational  test  of  sea/lake  water  AC  is  needed. 

2.  Seawater  temperature  measurements  at  the  sites  of  Naval  facilities 
with  the  highest  potential  savings  in  energy  and  money  are  needed. 

3.  A means  of  estimating  the  cost  of  sea/lake  water  AC,  short  of  doing 
a preliminary  design,  is  needed. 


RECOMMENDATIONS 

It  is  recommended  that: 

1.  A parametric  model  be  developed  for  estimating  the  capital  and 
energy  costs  of  sea/lake  water  AC  systems  at  Naval  facilities. 

2.  Seawater  temperatures  be  measured  at  Apra  Harbor,  Guam;  Pearl 
Harbor  Hawaii;  Chicago  111;  and  Point  Mugu,  Calif. 

3.  A final  design,  fabrication,  instrumentation,  and  installation  of 
a seawater  AC  system  for  NSGA  Winter  Harbor  be  made. 
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Coefficient  of  Performance  (Cooling/Pump  Work) 


round  <50°F 
sea/lake  water 


tance  to  cold  sea/lake  water  around  the  continental  United 


Table  1.  Energy  and  Economic  Analysis  for  Winter  Harbor  Seawater 
Air  Conditioning  System 


Analysis  Factors 

Air  Conditioning 
Only 

Total3 

Annual  Electric  Energy  Consumption^ 
Existing  AC  System  MWh 

399 

659 

Seawater  Cooling  System,  MWh 

117 

446 

c 

Annual  Electric  Energy  Savings,  MWh 

282 

213 

Percentage  of  Present  Consumption,  % 

71 

32d 

0 

Fuel  Oil  Savings,  barrels 

584 

441 

FY80  Dollar  Savings,  $ 

11,400 

8,600 

dAir  Conditioning  + Distribution  + Humidity  Control 

^From  Ref  5. 
c 

Existing  AC  System  - Seawater  Cooling  System. 

dAlso  used  in  Tables  2 and  A to  estimate  potential  savings  at 
the  10  selected  sites  and  15  other  sites,  respectively. 

e 

Assuming  35%  power  plant  efficiency:  1 MWh  = 2.07  barrels  of 
oil. 

f Assuming  electrical  energy  cost  in  FY77  = $0. 0259/kWh  (averaged 
from  Ref  5)  with  15%/yr  short-term  escalation  to  FY80;  when  the 
seawater  cooling  system  becomes  operational,  electrical  energy 
cost  = $0. 0404/kWh. 


t 
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t 


Winter  Harbor,  0.7  1.4  0.1  220 

Maine  (Security 
Croup  Act) 


Table  3.  Electrical  Energy  Costs  at  Naval  Facilities 
at  Ten  Selected  Sites 


Electrical  Energy  Cost,  (S/MWh) 

Site 

FY76 

FY80 

Apra  Harbor,  Guam 

39.00 

70.59 

Pearl  Harbor,  Hawaii 

28.38 

51.37 

Chicago,  111. 

19.00 

34.39 

Barking  Sands,  Hawaii 

68.79 

124.51 

Point  Loma,  Calif.  (Naval 

Undersea  Center) 

26.46 

47.89 

Barbers  Point,  Hawaii 

28.38 

51.37 

Point  Loma,  Calif.  (FCDSTC) 

31.39 

56.82 

Point  Mugu,  Calif. 

24.89 

45.05 

Sabana  Seca,  PR 

44.20 

80.00 

Cutler,  ME 

24.26 

43.91 

Table  4.  Fifteen  Other  Navy  Sites  for  Sea/Lake 
Water  Air  Conditioning 

Annua  1 

Potential  Savings 


Annual 

Energy 

$ 

AC 

(32%  of  AC 

(Energy 

Energy 

Energy 

Savings 

Hlh|u  i re  - 

Require- 

X46.43  * — 

Site 

MWh) 

aval  Facilities) 

(MWhXlO3) 

MWh 

$K  o- 

Subic  Bay, 

23.3 

7460 

346 

Philippine  Islands 

(NSRF) 

San  Diego,  Calif. 

20.4 

6530 

303 

(11  Facilities) 

Key  West,  Fla. 

19.0 

6080 

282 

(4  Facilities) 

North  Island, 

15.3 

4900 

228 

Calif.  (Air  Station) 

Yokosua,  Japan 

14.6 

4670 

217 

(5  Facilities) 

Okinawa,  Japan 

6.6 

2110 

98 

(Fit  Act) 

Balboa,  Panama 

5.3 

1700 

79 

(Com.  Station) 

Long  Beach,  Calif. 

3.0 

960 

45 

(Shipyard) 

Sasebo,  Japan 

2.5 

800 

37 

(Fit  Act) 

Coronado,  Calif. 

2.2 

700 

33 

(Phib  Base) 

Winter  Harbor,  Maine 

0.7 

220 

10  X 

(Security  Grp  Act) 

Ferndale,  Calif. 

0.5 

160 

7 X 

(Naval  Facility) 

Seal  Beach,  Calif. 

0.  3 

100 

5 X 

(Weapons  Station) 

Antigua,  Bahamas 

0.2 

60 

3 X 

(Naval  Facil i ty) 

Whidbey  Island, Wash. 

0.  1 

30 

1 

(Air  Station) 

TOTALS 

36480 

1694 

Sites  11-25 

36.5X10;* 

1.7  million 

Sites  1-10  (Table  2) 

22 . 9X1 0J 

1.3  mill  ion 

Total  Potential  Savings 

59.4X103 

3.0  million 

Length  (nmt) 

)-5  5-10 j 10-1 5 i 15-20 


^Average  cost  of  electrical  energy  to  the  Navy  in  FY80. 
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Rhoads):  IXsign  Div.  (R  Masino).  Philadelphia  PA;  ROICC.  Contracts.  Crane  IN 
NAVI  ACI  NC.COM  PAC  l)|V.  Code  (WDCi  (Donovan),  Pearl  Harbor.  HI;  Code  402.  RDT&E.  Pearl  Harbor  HI 
Commander.  Pearl  Harbor,  HI 

NAVFACENGCOM  - SOUTH  DIV.  Code  90.  RDT&ELO.  Charleston  SC;  Dir..  New  Orleans  I A 
NAVFACENGCOM  WEST  DIV.  102;  112:  AROICC.  Contracts.  Twentynine  Palms  ( A;  Code  04H;  (WP/20: 

RDT&ELO  Code  2011  San  Bruno.  CA 

NAVFACI-.NC.COM  CON  I RACT  AROICC.  Point  Mugu  CA:  AROICC.  Quantico.  VA;  Code  05.  I RIDENT. 

Bremerton  WA;  Code  OOP.  TRIDENT.  Bremerton  WA;  Dir.  Png.  Div..  P smooth . Australia;  Png  Div  dir, 

Southwest  Pat.  Manila.  PI:  Engr.  Div  (p.  Hein),  Madrid.  Spain:  OICC ( Knowlton).  Kaneohe.  HI:  OICC. 

Southwest  Pac.  Manila.  PI;  OICC/ROICC.  Balboa  Canal  Zone:  ROICC  AP  Guam;  ROICC  PANT  DIV..  Norfolk 
VA:  ROICC  Off  Point  Mugu.  CA:  ROICC.  Keflavik.  Iceland;  ROICC.  Pacific.  San  Bruno  CA 
NAVHOSP  I T R Plsbernd.  Puerto  Rico 
NAVMAG  SCE.  Guam 

NAVNUPWRU  MUSP  DP  ! Code  NPU-.30  Port  Hueneme.  CA 

NAVOCEANO  Code  1600  Bay  St.  I outs.  MS;  Code  5408  (J.  Kravit/)  Bay  St.  Louis;  Code  5452  (J.  DePalma),  Bay  St. 

I aiuis  MS 

NAVOCPANSYSCPN  Code  2010  San  Diego,  CA;  Code  5400  San  Diego  CA;  Code  4475  Bayside  Library.  San  Diego. 

CA:  Code  52  ( H.  Talkington)  San  Diego  CA:  Code  5204 (J.  Stachiw),  San  Diego.  CA;  Code  5214  (H.  Wheeler).  San  \ 

Diego  CA;  Code  5224  ( R.  Jones)  San  Diego  CA;  Code  551 1(  T)  ( E . Hamilton)  San  Diego  C A:  Code  6565(Tech 
I ib  ).  San  Diego  CA;  Code  6700,  San  Diego.  CA:  Code  7511  ( PWO)  San  Diego.  CA:  Code  81 1 San  Diego.  CA: 

Research  l ib. . San  Diego  CA:  SCE  (Code  6600).  San  Diego  CA  , 

NAVORDSTA  PWO.  Louisville  KY 

NAVPP  TOPE  Code  50.  Alexandria  VA  j 

NAVPETRES  Director.  Washington  IX' 

NAVPGSCOI.  D.  L.eipper,  Monterey  CA;  E.  Thornton.  Monterey  CA;  J.  Garrison  Monterey  CA;  l.CDR  K.C.  Kelley  i 

Monterey  CA 

NAVPHIBASE  CO.  ACB  2 Norfolk.  VA;  Code  S5T.  Norfolk  VA;  Harbor  Clearance  Unit  Two,  Little  Creek.  VA;  1 

OIC.  UCTONE  Norfolk,  Va 

NAVRADRECFAC  PWO.  Kami  Seya  Japan  \ 

N AV REGMEIX'EN  Chief  of  Police,  Camp  Pendleton  CA:  Code  5041.  Memphis,  Millington  TN;  PWO  Newport  Rl:  , 

PWO  Portsmouth,  VA:  SCE  ( D.  Kaye):  SCE  ( l.CDR  B.  E.  Thurston),  San  Diego  CA;  SCE,  Camp  Pendleton  CA; 

SCE.  Guam 

NAVSCOLCECOFF  C55  Port  Hueneme.  CA;  CO.  Code  C44A  Port  Hueneme.  CA 

N AVSF.ASYSCOM  Code  0325.  Program  Mgr.  Washington,  DC;  Code  OOC  (LT  R.  MacDougal).  Washington  DC;  i 

Code  SEA  CKX'  Washington.  DC  < 

NAVSEC  Code  6054  ( Library),  Washington  DC  j 

NAVSECGRUACT  PWO.  Ed/ell  Scotland;  PWO.  Puerto  Rico;  PWO.  Torn  Stn,  Okinawa 
NAVSH1PREPPAC  Library.  Guam;  SCE  Subic  Bay 

NAVSHIPYD:  CO  Marine  Barracks.  Norfolk.  Portsmouth  VA;  Code  202.4.  Long  Beach  CA;  Code  202.5  (Library) 

Puget  Sound.  Bremerton  WA;  Code  580,  (Woodroff)  Norfolk.  Portsmouth,  VA;  Code  4(H).  Puget  Sound;  Code 

400.04  I .ong  Beach.  CA;  Code  404  ( LT  J . Riccio),  Norfolk.  Portsmouth  VA;  Code  410.  Mare  Is..  Vallejo  CA;  Code  i 

440  Portsmouth  NH;  Code  440.  Norfolk;  Code  440.  Puget  Sound.  Bremerton  WA;  Code  440.4.  Charleston  SC; 

Code  450.  Charleston  SC;  Code  453  (Util.  Supr).  Vallejo  CA;  L.D.  Vivian;  Library,  Portsmouth  NH;  PW D(Code 
4(H)).  Philadelphia  PA:  PWO.  Mare  Is.;  PWO.  Puget  Sound;  SCE.  Pearl  Harbor  HI;  lech  Library.  Vallejo.  CA 
NAVSTA  CO  Naval  Station.  Mayport  EL;  CO  Roosevelt  Roads  P R,  Puerto  Rico;  Engr.  Dir..  Rota  Spain;  Maint. 

Coni.  Div..  Guantanamo  Bay  Cuba;  Maint.  Div.  Dir/Code  531,  Rodman  Canal  Zone;  PWD(LT  W.H.  Rigby). 

Guantanamo  Bay  Cuba;  PWD  (LTJG.P.M.  Motolcnich).  Puerto  Rico;  PWO  Midway  Island;  PWO.  Guantanamo 
Bay  Cubit;  PWO.  Keflavik  Iceland;  PWO.  Mayport  FL;  ROICC  Rota  Spain;  ROICC.  Rota  Spain;  SCE,  Guam: 

SCE.  San  Diego  CA;  SCE.  Subic  Bay.  R.P.;  Utilities  Engr  Off.  (l.TJG  A.S.  Ritchie).  Rota  Spain 
N A VS  U BASE  ENS  S.  Dove.  Groton.  CT;  LTJG  D.W.  Peck.  Groton.  C'T;  SCE.  Pearl  Harbor  HI 
NAVSUBSCOL  I T J A.  Nelson  Groton.  CT 

NAVSUPPACT  CO.  Brooklyn  NY;  CO.  Seattle  WA;  Code  4.  12  Marine  Corps  Dist.  Treasure  Is..  San  Francisco  CA; 

Code  413.  Seattle  WA;  LTJG  McGarrah,  Vallejo  CA;  Plan/Engr  Div.,  Naples  Italy 
NAVSUREWPNCEN  PWO.  White  Oak.  Silver  Spring.  MD 
NAVTECHT  RACEN  SCE.  Pensacola  FL 
NAVUSEAWARENGSTA  Keyport.  WA 

NAVWPNCEN  ( ode  2636  (W  Bonner).  China  Lake  CA;  PWO  ((  ode  26).  China  Lake  CA;  ROICC  (Code  702).  China 
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l ake  ( A 

NAVWPNEVAI  I AC  technical  I Ihrary,  Albuquerque  NM 

NAVWPNST A I ARIF  (Clebiik)  Culls  Neck,  NJ;  Code  092.  Colls  Neck  NJ;  Code  092A  <C.  Fredericks)  Seal  Beach 
( A;  I- NS  (i  A l.owry.  Eallbrook  CA.  Maim  Control  Dir..  Yorklown  V A:  PW  Office  (Code  090)  Yorklown.  VA. 
PWO.  Seal  Beach  CA 

NAVWPNSUPPC  UN  Code  09  ( Boennighausen)  Crane  IN 
NAVXDIVINGU  I I A M.  Parisi.  Panama  City  I I 
NCBU  405  OIC.  San  Diego,  CA 

NCBC  (El  (CAPT  N . W.  Petersen),  Port  Huenemc.  CA;  Cl- 1 AOIC  Port  Hueneme  CA;  Code  10  Davisville.  Kl. 

Code  155,  Port  Hueneme  CA;  Code  156.  Port  Hueneme.  CA;  Code  251 1 1 Port  Hueneme,  CA;  Code  4(H).  Gulfport 
MS.  N ESO  Code  251  P R.  Winter  Port  Hueneme.  CA;  PW  Engrg,  Gulfpi'rt  MS;  PW()(Code  80)  Port  Hueneme. 
CA;  PWO.  Davisville  Rl 
NCBU  411  OIC.  Norfolk  VA 
NCR  20.  Commander 
NCSO  BAHRAIN  Security  Offr.  Bahrain 

NMCB  133  (ENS  T.W.  Nielsen);  5.  Operations  Dept.;  Forty.  CO;  THREE.  Operations  Off. 

NOAA  l.ibmrym  Rockville.  Ml) 

NORDA  Code  410  Bay  St.  Louis.  MS;  Code  440  (Ocean  Rsch  Off)  Bay  St.  Louis  MS 

NRI.  Code  84(H)  (J.  Walsh).  Washington  DC;  Code  8441  (R.A.  Skop).  Washington  DC:  Rosenthal.  Code  8440.  Wash 
DC 

NSC  Code  54.1  (Wynne).  Norfolk  VA 
NSDSC'E.  Subic  Bay,  R.P. 

NIC  Code  54 ( ENS  P.  G.  Jackel).  Orlando  EL;  Commander  Orlando.  EL;  OICC.  CBU-401.  Grea(  Lakes  11 
NAVOCLANSYSCEN  Hawaii  Lab(D.  Moore).  Hawaii 

NUSC  Code  15 1 New  London.  CT;  Code  EAI23(R.S.  Munn).  New  London  Cl':  Code  S332.  B-80  (J.  Wilcox);  ( ode 
SB  331  (Brown).  Newport  Rl:  Code  TA13I  (G.  De  la  Cruz).  New  London  CT 
OCEANAV  Mangmt  Info  Div.,  Arlington  VA 
OCEANSYS1.ANT  I.T  A.R.  Giancola,  Norfolk  VA 

OFFICE  SECRETARY  OF  DEFENSE  OASD(MRA&l.)  Pentagon  (T.  Casbergl.  Washington.  DC 
ONR  CDR  Harlett.  Boston  M A;  BROEE.  CO  Boston  MA;  Code  221 . Arlington  VA:  Code  481 . Arlington  VA;  Code 
481 . Bay  St.  Louis.  MS:  Code  700E  Arlington  VA;  Dr.  A.  Laufcr.  Pasadena  CA 
PHIBCB  I P&E.  Coronado,  CA 

PM  EC  Code  3331  (S.  Opatowsky)  Point  Mugu,  CA;  EOD  Mobile  Unit.  Point  Mugu.  CA;  Pat.  Counsel.  Point  Mugu  CA 
PWC  ACE  Office  (I.TJG  St.  Germain)  Norfolk  VA;  CO  Norfolk.  VA;  CO.  Great  Lakes  IL;  Code  1 16  (LTJG.  A. 
Eckhart)  Great  Lakes.  IL;  Code  120.  Oakland  CA;  Code  I20C  (Library)  San  Diego.  CA;  Code  128.  Guam;  Code 
200.  Great  Lakes  IL;  Code  2(H).  Guam;  Code  2(H).  Oakland  CA;  Code  220  Oakland,  CA;  Code  220.1.  Norfolk  VA: 
Code  30C (Boettcher)  San  Diego.  CA;  Code  40 (C.  Kolton)  Pensacola.  EL:  Code  4(H).  Pearl  Harbor,  HI;  Code  42B 
(R.  Pascua) . Pearl  Harbor  HI;  Code  505 A (H.  Wheeler);  Code  680.  San  Diego  CA;  OIC  CBU-405.  San  Diego  CA; 
XO  Oakland.  CA 

SPCC  Code  122B.  Mcchanicsburg.  PA;  PWO(t  ode  120)  Mechaniesburg  PA 
IVA  Smclser.  Knoxville,  Tenn. 

U S.  MERCHANT  MARINE  ACADEMY  Kings  Point,  NY  (Reprint  Custodian) 

US  DEPT  OF  AGRIC  Forest  Products  Lab.  Madison  Wl 

US  DEPT  OF  COMMERCE  NOAA.  Pacific  Marine  Center.  Seattle  WA 

US  DEPT  OF  INTERIOR  Bureau  of  Land  MNGMNT  - Code  733  (T.E.  Sullivan)  Wash,  DC 

US  GEOl.OGICAL  SURVEY  Off.  Marine  Geology.  Pileleki.  Reston  VA 

USAE  Maj.  Riffel.  Rumstein.  Germany 

USAE  REGIONAL  HOSPITAL  Fairchild  AEB.  WA 

USCG  (G-ECV)  Washington  Dc:  (G-ECV/61)  (Burkhart)  Washington.  DC;  (G-MP-3/USP/82)  Washington  Dc; 

C-EOE-4/61  (T.  Dowd).  Washington  DC 
USCG  ACADEMY  I T N.  Stramandi.  New  London  CT 

USCG  R&D CENTER  CO  Groton.  CT:  D.  Motherway,  Groton  CT:  LTJG  R.  Dair.  Groton  CT;  Tech.  Dir.  Groton.  Cl 
USN  A Ch.  Mech.  Engr,  Dept  Annapolis  Ml):  Energy-Environ  Study  Grp.  Annapolis,  Ml);  Engr.  Div.  (C.  Wu) 
Annaploiis  MI):  Environ.  Prot.  R&D  Prog.  (J.  Williams).  Annapolis  Ml);  Ocean  Sys.  Eng  Dept  (Dr.  Monney) 
Annapolis.  MD;  PWD  Engr.  Div.  (C.  Bradford)  Annapolis  MD:  PWO  Annapolis  Ml) 

AME  RICAN  CONCRETE  INSTITUTE  Detroit  Ml  (Library) 

ARIZONA  State  Energy  Programs  Off..  Phoenix  AZ 
AVALON  MUNICIPAL  HOSPITAL  Avalon.  CA 
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BONNE  VII  I I POWER  ADMIN  Portland  OR  (Energy  C'onsrv.  Off  . I)  Davcy) 

( AMI  I >1  I’l  ( If  I ISM  A.  ( i AMI  Long  Beach  CA  (Marine  Tech  Info  Clr)  1 

t Al  II  MAKIIIMI  A(  ADI  MY  Vallejo,  CA  (Library)  | 

(AMI  ORNIA  SI  All  I NIVI  RSI  If  I ONG  BEACH.  CA  (CHI  I A PA  III.  LONG  III  ACH.  ( A (YI  N).  I OS 
ANGFI  I S.  ( A (KIM) 

CAIFIOI  l<  UNIV.  Mech  I ngr  Dept.  Prof.  Nied/wecki,  Wash  IK  ^ 

( (II  l Mill  A I’KI  SHY  1 1 RIAN  Mil)  ( INTI  R New  York.  NY 
CORN  IT  I UNIVf  RSI  I Y Ithaca  NY  (Serials  Dept.  I ngr  Lib.) 

DAMI  SAMOOKI  I IIIRARY  1 OS  A N(  ■ I- 1 IS.  CA 
Dl  Kf  UNIV  MEDICAL  CENTER  B Muga.  Durham  NC 

I I OR  I DA  All  AN  1 1(  l NIVI  RSI  I Y IKK  A RA  ION.  IT  (MC  A I I IS  1 1 Ri.  Boca  Raton  IT.  (Ocean  E ngi  Dept  . ( 

I in)  i 

IT  ORIDA  All  ANTIC  UNIVERSITY  Boca  Ralon  FI.  |W  Tessin) 

I I ORIDA  It  CHNOLOG1CAI  UNIVERSITY  ORI.ANDO.  FI  (HARTMAN) 

FOREST  INST  FOR  OCEAN  & MOUNTAIN  C arson  C ity  NV  (Studies  l ibrary) 

IT  I I A I NFRCiY  OF  FTC  I (HARM  SION.  WV 

GEORGIA  INST  1 1 III  OF  IFCHNOI  (KiY  Atlanta  G A (School  of  Civil  I ngr..  Kahn) 

HAWAII  ST  ATT  DEPT  Ol  PLAN  & ECON  DEV  Honolulu  HI  (Tech  Info  Clr)  , 

GEORGIA  INSTITUTE  OF  lECHNOl.OGY  Atlanta  CiA  (B  Maaanti)  ‘ 

II  I 1NOIS  STATE  GEO  SURVEY  Urbana  II 

INDIANA  FNFRCiY  OLEIC  I I ncigy  ( iroup.  Indianapolis.  IN 
INSTITUTE:  Ol  MARINE  SCTF.NC  I S Morchead  C ity  N(  (Director) 

IOWA  SI  ATK  UNIVERSIT  Y Ames  IA  (CE  Depl.  Handy) 

VIROINIA  INST  OF  MARINE  SC  I.  Ciloucester  Point  VA  (Library) 

KF  I NI  ST  AFF  COI  I I OF  Keene  NH  (Cunningham) 

I HUGH  UNIVI  RSI  I Y B FI  HI  Fill  M.  PA  (MARINI:  OFOTFCHNICAI  LAB,.  RIC  HARDS):  Bethlehem  PA 
(Frit/ Fngi  Lab  No  IT.  Beedle):  Bethlehem  PA  (I. inderman  Lib.  No. 30.  Flecksteiner) 

I IIIRARY  OF  C ONC.RI  SS  W ASHINCil ON.  IK  (SCIENCES  & TECH  DIV) 

LOUISIANA  DIV  NATURAL  RESOURCES  <<k  ENERGY  Dept,  of  Conservation.  Baton  Rouge  I A 
I OW  COUNTRY  RFC i IT  AN  COUNCIL  Yl  MASS!  I . SC(BAGOS) 

MAINE  MAKIIIMI  ACADEMY  (Wyman)  Casline  ME;  CASTTN  E.  ME  ( LIBRARY) 

MAIN!  OFFICE'  OF  FNFRCiY  RESOURCES  Augusta.  Ml 
MICHIGAN  IF(  HNOLOGIC  Al  UNIVERSITY  Houghton.  Ml  (Haas) 

MISSOURI  FNFRCiY  AGENCY  Jefferson  City  MO 

MIT  Cambridge  MA;  Cambridge  MA(Rm  10-500.  lech  Reports.  I ngr.  Lib.);  Cambridge  MA  (Whitman);  Cambridge. 

M A ( Harlem. in) 

MONTANA  ENERGY  OFFICE  Helena.  Ml 

NAT  I ACADEMY  OF  ENG  ALEXANDRIA.  VA  (SEARl.E.  JR.) 

NI  W HAMPSHIRE  Concord.  NH.  (Governor's  Council  On  Energy) 

NEW  MEXICO  SOLAR  ENERGY  INST.  Dr.  Zwibel  Las  Cruces  NM 

NORTHWESTERN  UNIV  Z.P.  Bazant  Evanston  11 

NY  CITY  C OMMUNITY  COLLI  Cil  BROOKLYN.  NY  (LIBRARY) 

NYS  ENERGY  OFFICE  Library.  Albany  NY 
UNIV  NOIRE  DAME  Katona.  Notre  Dame.  IN 

OREGON  STATE  UNIVERSITY  (CE  Dept  Grace)  Corvallis.  OR.  CORVALLIS.  OK  (CE  DEPT  . BEI  T );  Corvalis 
OR  (School  of  Oceanography) 

PENNSYI  VANIA  STATE  UNIVERSITY  STATE  COLLEGE.  PA  (SNYDER);  State  College  PA  (Applied  Rsch  l ab). 

UNIVERSITY  PARK.  PAfGOTOI  SKI) 

POLLUTION  ABAT  EMENT  ASS(K'.  Ciraham.  Corte  Madera.  CA 

PURDUE  UNIVERSITY  Lafayette  IN  (Leonards);  Lafayette.  IN  ( Altschaeffl);  Lafayette.  IN  (CE  I ngr  Lib) 

CONNECTICUT  Hartford  CT  (IX-pt  of  Plan.  A Energy  Policy) 

SAN  DIEGO  STATE  UNIV.  I Nooruny  San  Diego.  CA;  Dr.  Krishnamoorthy.  San  Diego  CA 
SCRII’PS  INSTITUT  E OF  (K  EANOGRAPH  Y 1A  JOLLA.  CA  I ADAMS) 

SI  A I IT  I U Prof  Schwaegler  Seattle  WA 

SOUTHWEST  RSCH  INST  King.  San  Antonio.  TX;  K DeHart.  San  Antonio  IX 
STANFORD  UNIVERSITY  I ngi  Lib.  Stanford  ( A;  STANFORD.  CA  (DOUGLAS) 

STATE  HOUSE  AUGUSTA.  Ml  (MAINE  STATE  FUEL  ALLOC  & C ONS1  RV  OFF  ) 

ST  A I F (INIV  OF  NI  W YORK  Fort  Schuyler.  NY  (Longobardi) 
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TEXAS  A AM  UNIVERSITY  ( <>l  I Mil  STATION.  IX  (CE  DEPT);  College  Station  TX  (CE  Dept  Herbichl 
UNIVERSITY  OF  ( Al  IEORNIA  BERKELEY.  ( A (CE  DEPT.  GERWICK):  Berkeley  CA  (B  Breslen;  Berkeley  ( A 
l Dept  of  Naval  Arch.):  Berkeley  CA(E.  Pearson):  DAVIS.  CA  (CE  DEPT.  TAYLOR):  LIVERMORE.  CA 
ll  AWRI  N(  I I IVERMORE  I AB.  TOKARZ):  La  Jolla  CA(Acq.  Dept.  Lib.  C-075A):  Off-Campus  Eacs  A 
Energy  Conserv  . Davis.  CA;  Off-Campus  Eacs  A Energy  Conserv..  Davis,  CA:  SAN  DIEGO.  CA.  I A JOLLA. 
CA  iSEROC  K I ) ; Vice  President.  Berkeley,  CA 

l NIVERSITY  OF  DEI  AWARI  I EWES.  DE  (DIR  OF  MARINE  OPERATIONS.  INDI  RBIT/EN i:  Newark.  DE 
t Dept  of  Civil  E ngineering.  Chesson) 

CNIVI  RSI  I Y Of  HAWAII  HONOLULU.  HI  (SCIENCE  AND  TECH  DIV.);  Honolulu  HI  (Dr  S/ilard) 
l NIV  I RSI  IA  OE  ILLINOIS  Met/  Ref  Km.  Urbana  II  ; URBANA.  IL  (DAVISSON);  URBANA.  II  (LIBRARY); 
URBANA.  IL  (NEWARK) 

UNIVERSITY  OF  KANSAS  Kansas  Geological  Survey.  Lawrence  KS 
UNIVERSITY  OF  MASSACHUSETTS < Heronemus),  Amherst  MA  CE  Dept 
UNIVERSITY  OE  MICHIGAN  Ann  Arbor  Ml  ( Richart) 

1 'NIVERSITY  OF  NEBRASKA  LINCOLN  Lincoln.  NElRoss  Ice  Shelf  Proj.) 

UNIVERSITY  OF  NEW  HAMPSHIRE  DURHAM.  NH  (LAVOIE) 

UNIVERSITY  OE  PENNSYLVANIA  PHILADELPHIA.  PA  (SCHOOL  OF  ENGR  A APPLIED  SCIENCE.  ROLl.l 
t NIVERSITY  OF  RHODE  ISLAND  KINGSTON.  Rl  (PAZIS):  Narragiinsett  RKPell  Marine  Sci.  Lib.) 

I NIVERSITY  OF  SO.  CALIFORNIA  Univ  So.  Calif 

UNIVERSITY  OF  TEXAS  Inst.  Marine  Sci  ( Library).  Port  Arkansas  TX 

UNIVERSITY  OF  TEXAS  AT  AUSTIN  AUSTIN.  TX  (THOMPSON) 

l NIVERSITY  OE  WASHINGTON  Seattle  WA  (M.  Sherif);  (FH-IO.  D.  Carlson)  Seattle.  WA;  Dept  of  Civil  EngnDr 
Matlock).  Seattle  W A;  SEATTLE.  WA  (APPLIED  PHYSICS  LAB);  SEATTLE.  WA  (OCEAN  ENG  RSCH  LAB. 
GRAY);  SEATTLE.  WA  (PACIFIC  MARINE  ENVIRON.  LAB..  HALPERN);  Seattle  WAIL.  Linger).  Seattle. 
WA  Transportation.  Construction  A Geom.  Div 
UNIVE  RSITY  OF  W ISCONSIN  Milwaukee  WT  (Ctrof  Great  Lakes  Studies) 

URS  RESEARCH  CO.  I IBRARY  SAN  MATEO.  CA 

VEN  I URA  COUNTY  ENVIRON  RESOURCE  AGENCY  Ventura.  CA  Tech  Library 

ALFRED  A YE  I A ASSOC  Honolulu  HI 

AMI  I EK  Offshore  Res  & Engr  Div 

ARC  AIR  CO.  I)  Young.  Lancaster  OH 

ARVID  GRANT  OLYMPIA.  WA 

All  ANTIC  RICHFIELD  CO.  DALLAS.  TX  (SMITH) 

AUSTRALIA  Dept  PW  (A  Hicks).  Melbourne 
BIT  H UT  CORP  SAN  FRANCISCO.  CA  (PHELPS) 

BELGIUM  HAFCON.  N V . Gent 

Bl  IHI  I HEM  STEEL  CO.  Dismuke.  Bethelehem.  PA 

BRAND  INDUS  SI  RV  INC.  J Buehler.  Hacienda  Heights  CA 

BRI I ISII  EMBASSY  Sci.  A lech.  Dept.  (J.  McAuley),  Washington  DC 

BR(  IW  N A CAI  DW  E I I I M Saunders  Walnut  Creek.  CA 

BROWN  A ROOT  Houston  IX  (D  Ward) 

( AN  ADA  Adrian.  Anderson  A Assoc..  Winnipeg:  Can-Dive  Services  (English)  North  Vancouver;  Library.  Calgary. 
Alberta;  I ockhccd  Petro.  Serv  Ltd.  New  Westminster  B.C.;  Lockheed  Petrol  Srv.  1 id..  New  Westminster  BC: 
Mem  Univ  Newfoundland  (Chari),  St  Johns;  Nova  Scotia  Rsch  Found.  Corp  Dartmouth.  Nova  Scotia;  Surveyor. 
Ncnmngcr  A Chenevert  Inc  . Montreal 
( AYWOOD.  NOPP.  W ARD.  AIA  Sacramento.  CA 
( I BRAUN  < < ) Du  Bouchet.  Murray  Hill.  NJ 
CHE  MED C( )RP  I ake  Zurich  II  I Dearborn  ( hem.  Div.  Lib.) 

C HEVRON  OIL  Ell  I D RESEARCH  CO  I A HABRA.  CA  (BROOKS) 

COI  1 M Bl  A GUI  I TRANSMISSION  CO  HOUSTON.  TX  (ENG  LIB.) 

CONCRI  II  I ETHNOLOGY  CORP  TACOMA.  WA  (ANDERSON) 

DESIGN  SI  RVTCES  Beck.  Ventura.  CA 

Dll  I.INGHAM  PRECAST  E.  McHale.  Honolulu  HI 

DIXIE  DIVING  CENTER  Decatur.  GA 

DRAV()(  ORP  Pittsburgh  PA  (Giannino):  Pittsburgh  PA(Wright) 

DURI.ACH.  O'NEAl  . JENKINS  A ASSOC.  Columbia  SC 

NORWAY  DIE  NORSKI  VERITAS  (Library).  Oslo 

EVAI  CATION  ASS(H  INC  KING  Of  PRUSSIA.  PA  (EF.DEI  E) 
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EXXON  PRODUCTION  RESEARCH  CO  Houston.  TX  (Chao)  ] 

PORI).  BACON  A DAVIS.  INC.  New  York  (Library)  ] 

FRANCE  I Pliskin.  Pari'.  )’  Jensen.  Boulogne;  Roger  LaCroix.  Paris  | 

C.l  11)01  N CO  STRONGSVll  LI  . OH  (RSCH  I IB) 

C.OLI  I)  INC  Shady  Side  MDtChcs.  Inti.  Div..  W.  Paul) 

GRUMMAN  AEROSPACE  CORP  Beihpage  NY  (Tech.  Info  Or)  1 

HON  I YWEl  I . INC  Minneapolis  MN  ) Residential  Engr  Lib.) 

ITALY  M.  Caironi.  Milan:  Sergio  Talloni  Milano  « 

MAX  Al  (XIAN  I NC.RNCi  INC  Kailua.  HI 

I ANION  I IXIHLRI)  CiLOLOGIC  Al  OBSERV.  Palisades  NY  (McCoy):  Palisades  NY  (Selwyn) 

LIN  OFFSHORE  ENGRG  P.  Chow  . San  Francisco  CA  ; 

LOCKHKED  MISSILES  A SPACE  CO.  INC.  Mgr  Naval  Arch  A Mar  Eng  Sunnyvale.  C'A:  Sunnyvale  CA  ' 

(Rynewicz):  Sunnyvale,  CA  (Phillips)  i 

MARATHON  Oil  CO  Houston  TX  (C.  Seay) 

MARINI  CONC  RETE  STRUCTURES  INC  MET  AIRIE.  LA  (INGRAHAM) 

MATRI  CON  Oakland.  CA(Haxo) 

MC  CLEl  LAND  ENGINEERS  INC  Houston  I X (B  McClelland) 

MCDONNEL  AIRCRAFT  CO.  Dept  501  (R.H.  Fayman).  St  Louis  MO  , 

MEDLRMOTT  A CO.  Diving  Division.  Harvey.  LA  1 

MEXICO  R Cardenas 

MIDI  AND-Rt  )SS  CORP  TOLEDO.  OH  iRINKER) 

MOBIL  PIPE  LINE  CO.  DALLAS.  TX  MGR  OF  ENGR  (NOACK) 

NEWPORT  NEWS  SH1PBLDG  & DRYDOCK  CO.  Newport  News  VA(Tech.  Lib.) 

NORW AY  A.  Torum.  Trondheim:  DET  NORSKE  VERITAS  (Roren)  Oslo:  I.  Foss.  Oslo:  J Creed,  Ski:  J.D.  Holst.  { 

Oslo;  Jakobsen.  Oslo;  Norwegian  Tech  Univ  ( Brandtzaeg).  Trondheim 
(X  I AN  ENGINEERS  SAUSALITO,  CA  (RYNECKI) 

OCEAN  RESOURCE  ENG.  INC.  HOUSTON.  TX  (ANDERSON) 

OFFSHORE  DEVELOPMENT  ENG.  INC  BERKELEY.  CA 
PACIFIC  MARINE  TECHNOLOGY  Long  Beach.  CA  (Wagner) 

IX  )R  IT  AND  CEMENT  ASS(X\  SKOKIE,  IE  (CORELY);  SKOKIE,  IE  (KLI EGER);  Skokie  IE  (Rsch  & Dev  Lab. 

Lib.) 

PRESCON  CORP  TOW  SON.  Ml)  (KELLER) 

PUERTO  RICO  Puerto  Rico  (Rsch  Lib  ).  Mayaque/  P R 
R J BROWN  ASSCX'  (McKeehan).  Houston.  TX 
RAND  CORP.  Santa  Monica  CA(A.  l.aupa) 

RAYMOND  INTERNATIONAL  INC.  E Colle  Soil  Tech  Dept.  Pennsauken.  NJ 
RIVERSIDE  CEMENT  CO  Riverside  CA  (W'.  Smith) 

SAFETY  SERVICES.  INC.  A.  Patton.  Providence  R! 

SANDIA  LABORATORIES  Albuquerque.  NM  (Vortman);  Library  Div..  Livermore  CA 
SCHl  PACK  ASStX’  SO.  NORWALK.  CT(SCHUPACK) 

SEAFOOD  LABORATORY  MOREHEAD  CITY.  NC  ( LIBRARY) 

SEATECH  CORP.  MIAMI.  FL(PERONI) 

SHI  1 I DEVELOPMENT  CO.  Houston  TX  (C.  Sellars  Jr.) 

SHI  M Oil  CO.  HOUSTON.  TX  (MARSHALL):  Houston  TX  (R.  de  Castongrene) 

SOUTH  AMERICA  N.  Nouel.  Valencia.  Venezuela 

SWEDEN  Cement  & Concrete  Research  Inst.,  Stockholm;  GeoTech  Inst;  VBB  (Library),  Stockholm 
TECHNICAL  COATINGS  CO  Oakmont  PA  (Library) 

TEXTRON  INC  BUFFALO.  NY  (RESEARCH  CENTER  LIB.) 

TIDEWATER  CONSTR.  CO  Norfolk  VA  (Fowler) 

IKW  SYSTEMS  CLEVELAND.  OH  (ENG.  LIB  );  REDONDO  BEACH,  CA(DAI) 

UNI  I ED  KINGDOM  British  Embassy  (Info.  Offr),  Washington  DC;  Cement  & Concrete  Assoc  Wexham  Springs. 

Slough  Bucks;  Cement  & Concrete  Assoc.  (Library).  Wexham  Springs.  Slough:  Cement  & Concrete  Assoc.  (Lit. 

Lx).  Bucks;  I)  Lee.  London:  I)  New.  G Maunsell  & Partners.  London:  Library.  Bristol;  R Rudham  Oxfordshire: 

Shaw  A Hatton (F.  Hansen).  London;  Taylor.  Woodrow  Constr  |0I4P).  Southall,  Middlesex;  Taylor.  Woodrow 
Conslr  (Stubbs).  Southall.  Middlesex:  Univ.  of  Bristol  (R  Morgan).  Bristol 
UNITED  TECHNOLOGIES  Windsor  Locks  CTlHamilton  Std  Div..  Library) 

WATT  BRIAN  ASS(X’  INC.  Houston.  TX 

WESTINGHOUSE  ELECTRIC  CORP.  Annapolis  MD (Oceanic  Div  Lib.  Bryan):  Library.  Pittsburgh  PA 
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WEYERHAEUSER  CO.  I ONGVIEW.  WA  (TKC'H  CTR  MB) 

WISS.  JANNEY.  M SI  NI  K.  & ASS(K'  Northbrook.  ll.fD.W  Pfeifer) 

WM  CLAPP  1 ABS  - BATTE1  I f DUXBURY.  M A (LIBRARY):  Duxbury.  MA  (Richards) 
ADAMS.  CAP!  (RET)  Irvine.  CA 
ANTON  TEDESKO  Bronxville  NY 
BRAH  I Z lit  Jolla.  CA 

BRYANT  ROSE  Johnson  Div.  HOP.  Cilemlora  CA 

BUM. OCR  I .a  Canada 

I HEUZE  Boulder  CO 

KRUZIC.  T.P.  Silver  Spring.  MD 

CAPE  MURPHY  Sunnyvale.  CA 

GREG  PAGE  EUGENE.  OR 

RE  BESIER  Old  Saybrook  CT 

ENERGY  R&D  ADMIN.  H.  Skowbo.  Washington.  IX' 

T.W  . MERMEE  Washington  DC 
WM  TALBOT  Orange  CA 

( EC  Donofrio.  John  l ...  I T:  Morris.  Donald  G..  LT 
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